The X-ray analysis of cholesteryl iodide is an example of the use that can be made of the presence of a heavy atom, here iodine, in working out the structure of an organic molecule containing a number of asymmetric centres. The method of analysis employed has been to calculate the electron density within the unit cell, using the observed F values and, at first, phase angles deriyed from the contributions of the iodine atoms alone. The electron density pattern so deduced necessarily has a centre of symmetry, since the positions of the two iodine atoms in the unit cell are The present X-ray analysis of cholesteryl iodide (I) is an attem pt to determine the detailed structure of the sterol skeleton using as little chemical information as possible. I t is the natural continuation of the crystallographic measurements on sterols begun by J . D. Bernal in 1932 and illustrates some of the general problems involved in the application of X-ray methods to the determination of the chemical structure of complex organic molecules. In the interval since Bernal's first measure ments the actual chemical structure of the sterol skeleton has been very largely established, but there still remain problems in detail, particularly of stereochemistry, which need further investigation. There is a particular interest in finding how far information can be gained on these points, quite apart from the general interest of attempting to check the structure as a whole by X-ray methods. On the other hand, it has become clear from the crystallographic side th a t for such a purpose some approach to a direct X-ray analysis must be sought. This is chiefly because the usual methods of trial and error analysis become almost impossibly difficult where the molecular structure is both complicated and a t least partly unknown. The point has been illustrated already in the sterol series, both during the survey of a variety [ 64 ] 
The present X-ray analysis of cholesteryl iodide (I) is an attem pt to determine the detailed structure of the sterol skeleton using as little chemical information as possible. I t is the natural continuation of the crystallographic measurements on sterols begun by J . D. Bernal in 1932 and illustrates some of the general problems involved in the application of X-ray methods to the determination of the chemical structure of complex organic molecules. In the interval since Bernal's first measure ments the actual chemical structure of the sterol skeleton has been very largely established, but there still remain problems in detail, particularly of stereochemistry, which need further investigation. There is a particular interest in finding how far information can be gained on these points, quite apart from the general interest of attempting to check the structure as a whole by X-ray methods. On the other hand, it has become clear from the crystallographic side th a t for such a purpose some approach to a direct X-ray analysis must be sought. This is chiefly because the usual methods of trial and error analysis become almost impossibly difficult where the molecular structure is both complicated and a t least partly unknown. The point has been illustrated already in the sterol series, both during the survey of a variety of sterol crystal structures (Bernal, Crowfoot & Fankuchen 1940) and by the more detailed examination of, for example, the choleic acids (Caglioti & Giacomello 1939) .
In the analysis of cholesteryl iodide we are making use of the fact th a t the phases of the X-ray reflexions are largely controlled by the contributions of the heavy iodine atoms. Fourier series calculated by the usual equation, (1) (Bragg, W. H. 1915; Bragg, W. L. 1929) , using the observed F values and the heavy atom phase angles (ochkl), should therefore give directly an approximate picture of the electron density (pxyz) within the crystal structure (cf. Robertson & Woodward 1940; Huse & Powell 1940; and also Cox & Jeffrey 1939) . How closely this picture approaches to the truth depends upon the actual crystallographic conditions present. The most favourable circumstances are those found by Robertson & Woodward (1940) in the crystal structure of platinum phthalocyanine where the platinum atoms are a t a crystallographic centre of symmetry and by their contributions exactly determine the phases. In the general case, of which cholesteryl iodide is one particular example, this is not true; here both the molecular and crystal structure are asym metric, the heavy atoms are not in special positions, and the true phase angles must differ from those calculated on the positions of the heavy atoms only. The most serious difficulty is that, in general, the positions of the heavy atoms in the crystal will be related to one another by higher symmetry than are the molecules as a whole -in the present example by a centre of symmetry. The phases deduced from their contributions alone, in turn, introduce this symmetry into the calculated structure. Consequently, although peaks should appear in the derived Fourier syntheses a t approximately the correct atomic positions, they will also occur a t additional posi tions, related to the first by the extra symmetry element. At best the use of these phases deduced from the heavy atoms alone only limits the position of any particular atom in an asymmetric crystal structure to certain alternatives.
One further point should be mentioned. In the molecule of cholesteryl iodide, unlike th at of platinum phthalocyanine, the atoms have a non-planar arrangement, and X-ray analysis in three dimensions is essential.
The preliminary examination of cholesteryl iodide carried out during the sterol survey showed that this crystal structure had certain favourable characteristics which might make a direct and detailed analysis possible, in spite of these com plications. In the crystal unit cell there were only two molecules, related by a twofold screw axis of symmetry. And the fact th a t this symmetry axis was parallel to the least refractive index of the crystal suggested th a t it was roughly normal to the sterol ring system. A projection on a plane normal to the axis might therefore be expected to show well-resolved atomic positions. And further, since this pro jection is crystallographically centro-symmetrical, its accuracy should not be affected by the symmetry introduced into the three-dimensional structure by the use of the iodine phase angles. W ith these considerations in mind, the following procedure was suggested for the systematic analysis of the structure of cholesteryl iodide:
(1) Measure the intensities of all (hkl) reflexions.
(2) Deduce the positions of the heavy atoms from them by the calculation of Patterson series (Patterson 1935) .
(3) Calculate the phases from the heavy atom contributions alone, and using these and the observed F values form Fourier series to reveal the positions of the remaining atoms. This process is conveniently broken into two: (a) the calculation of a Fourier projection on the crystallographic b plane which should give as much resolution as possible of the atomic positions in two dimensions; (6) the calculation of three-dimensional line series through the peaks revealed in the first Fourier series in order to determine their third parameters (Harker 1936; Goodwin & H ardy 1938) .
(4) Distinguish the correct alternative among the possible positions of the atoms shown so far by considerations of, for example, bond distances and valency angles.
(5) Recalculate phases and repeat Fourier summations to correct the structure deduced a t (3) and to determine as closely as possible the true atomic positions.
At the outset of the analysis a complication occurred. A second metastable crystal line modification of cholesteryl iodide, B, was found in the preparation, very similar in unit cell dimensions and optics to A but differing from this in the intensities of the X-ray reflexions. Since to a first approximation both appeared equally suitable, detailed examination was begun on the two crystal structures together. The first Fourier projection obtained at stage 3 (a) showed greater resolution of the atomic positions in structure B than in structure A , and the complete three-dimensional analysis was therefore continued on B alone.
In the account which follows the tables numbered in italics have been omitted for reasons of space. Copies are deposited with the Royal Society and they also occur, together with additional information on the calculations carried out, in a thesis by one of us (Carlisle 1943 ).
S t r u c t u r e d e t e r m i n a t i o n
The sample of cholesteryl iodide used was th a t prepared by Beynon, Heilbron & Spring (1936) by the action of hydrogen iodide on i-cholesteryl ethyl ether and i-cholesteryl benzyl ether.* The first X-ray measurements were carried o u t on this preparation by I. Fankuchen in Cambridge in 1937-8. At the start of the present investigation the crystals had become reddish brown in colour, presumably through partial decomposition, and the material was therefore recrystallized by slow cooling from hot acetone. X-ray examination showed th a t the recrystallized preparation contained two crystalline varieties, A and the proportion of which varied in different recrystallizations, suggesting th a t they were polymorphic modifications. Further evidence on this point was obtained by microscopic observations on the effect of heat on the two (hot-wire method). A transformed on heating to a m eta stable form, melting simultaneously with B. On cooling, the two preparations behaved exactly similarly, the metastable form grew in both melts followed by the stable form. By rapid cooling a preparation could be obtained showing the two forms in contact with one another for an indefinite length of time.
The preliminary X-ray data on the two forms are summarized in table 1. Once their difference was recognized it was found possible to distinguish them morpho logically by inspection under the microscope. Their characteristics are as follows:
Cholesteryl iodide A . The crystals are small, almost colourless, monoclinic laths, elongated along [010] , showing {001} dominating and {100}. The birefringence is positive, 2F = 56° (in glycerine), a is parallel to y lies approximately 6° to c in the obtuse angle. Cholesteryl iodide B. The crystals are usually larger than those of form A and pale yellow in appearance. The colour deepens on keeping, probably owing to slight decomposition with liberation of iodine. They are irregular, platy, monoclinic crystals, elongated along [010] . Their usual cross-section normal to [010] is as shown in figure 1 , the forms developed being far from clear, probably {001} and {102}. The birefringende is positive, 2 E = 88°, a is parallel to b, y li at approximately 15° to c.
The density in both cases was measured by flotation in potassium mercuric iodide solution.
These preliminary observations suggested strongly th a t in both forms an open projection of the sterol ring system would be obtained on (010), normal to the symmetry axis. The analysis then followed the scheme suggested above. In both structures = 520, 2f0I = 106.
(1) The estimation of the intensities Two types of X-ray photographs were taken of both forms, oscillation photo graphs and Weissenberg photographs, but only the latter were used for the estima tion of the intensities. For form A , only the hOl reflexions were recorded on zero layer Weissenberg photographs, rotation axis b, with exposure times of 3, 6 and 12 hr. For form B all hkl reflexions were recorded. The main series were equi-inclina Weissenberg photographs, rotation axis 6, zero and five layer line photographs. Two zero layer photographs were taken in addition to act as correlating photographs and showing hkO and 3 hkl reflexions respectively. Varying exposure t for all photographs showing strong reflexions.
Considerable difficulty was experienced in the photography of form B owing to the fairly fapid decomposition of the crystals which appeared to be hastened by exposure to X-rays. I t was found necessary to use a different crystal for each in dividual Weissenberg layer line photograph in order to get comparable results. The sizes of the crystals were all of the order of 0-5-0-8 x 0-2-0-4 mm. The weights varied from approximately 0-05 to 0-10 mg.
The intensities of the X-ray reflexions were all estimated visually by comparison with a standard series of spots of varying exposure. Their relations were carefully checked owing to the large number of photographs taken, but it was realized th a t the irregular form of the crystals made it impossible to expect results of high accuracy. The intensities of the reflexions gradually faded out on the photographs taken, no reflexions with values of sin 6jX greater than 0-65 being observed. In all only 301 hkl reflexions were measured for form B.
To obtain a series of relative F 2 values the observed inte the method of Warren & Fankuchen (1941) for the Lorentz and polarization factors. An attem pt was also made to apply a correction for absorption to the intensities of the hOl reflexions in form B. The linear absorption coefficient fi of the crystal 71/ required in the expression I = I0 e~fld was calculated from the formula fi = where n is the number of molecules in, and V the volume of, the unit cell, and /ix the atomic absorption coefficient. For cholesteryl iodide /^calc> = 107. The path distance, d, could only be found approximately through the procedure of projecting on to a sheet of graph paper the cross-section of the crystal normal to the axis of rotation and measuring path distances through the crystal from the centre of the cross-section. Here our chief difficulty was the irregular form of the crystal in crosssection. In the actual experiment a small crystal (weighing 0-05 mg.) was first photographed on the Weissenberg camera to obtain the series of hOl reflexions (rotation axis 6), then removed and remounted to oscillate about the y vibration direction. An oscillation photograph fixed the relation of the crystallographic axes to the rotation axis and consequently to the irregular crystal cross-section parallel to (010). A magnified image of this cross-section was then thrown on to a sheet of graph paper by means of a projector (see figure 1 ) and the path distances evaluated graphically.
The relative F values deduced for forms A and B are recorded in tables 2 and 3 *
(2) Calculation of Patterson projections
The first step in the structure analysis was the preparation of Patterson pro jections on the plane (010) for both cholesteryl iodide A and B using relative F 2 values for the hOl reflexions. These Patterson projections are repro figures 2 a and 3 a, and both show clearly recognizable peaks due to the iodine iodine vectors. Since the y parameters of the iodine atoms in the structure may be assigned from crystal symmetry, the parameters of the iodine atoms were deduced as follows:
Parameters of the iodine atoms (3) Calculation of Fourier series using phase angles deduced from iodine contributions (a) Fourier projections on (010) of electron density were then derived for both structures using the phase angles calculated from the contributions of the iodine atoms alone (figures 26, 36). In both these projections it is relatively easy to pick out the outlines of the sterol ring system and the side chain attached to it oriented as expected within the crystal. In the stable form A , the two molecules overlap throughout their length and this produces some confusion in projection, one ring being obscured by the iodine atom of the second molecule. In form B, on the other hand, the arrangement is more open and only a small amount of overlapping in projection occurs. The position of almost every atom in the sterol skeleton is fairly obvious here, and the structure determination was therefore continued for the time being on form B alone.
Since the projection (figure 36) is centro-symmetrical, the phase angles calculated from the iodine contributions are 0 or tt and are largely the correct phase angles. Very little refinement of the projection could be effected. The insertion of the calculated carbon atom contributions only changed the signs of three weak reflexions, 403, 508 and 309. The effect of the application of the absorption cprrection is shown in figure 3 c. Some improvement but no very marked change in the contours resulted. (b) The next stage in the analysis is the calculation of three-dimensional Fourier syntheses along lines normal to the projection on (010), using all values of Fhkl and the phase angles calculated from the iodine contribution only. The and z para meters for these lines were chosen from the projections so th a t they should if possible pass through atomic positions. B ut in attem pting to fix these positions as closely as possible some 37 series in all were calculated (figure 4) which, as figure 5 shows, closely cover all the area of pronounced electron density in the projection. For convenience of reference these lines are numbered as far as possible according to the chemical formulation I and not in numerical sequence.
At this stage the phase angles from the iodine contributions are again 0 or r, and consequently the electron density pattern calculated by their use has a centre of symmetry. In addition to any particular real carbon atom P , which occurs a t the positions (1 ) x , y , z \ (2) x ,y + £, z in the unit cell, the calculated evidence of additional unreal atoms, (3) x ,y ,z \ (4) x , \ -y, z, produced by the opera tion of this centre of symmetry. Of these, atoms 1 and 4 and atoms 2 and 3 are related to one another by mirror planes of symmetry a t J and f . We have found it most useful to consider the calculated pattern as showing the molecule as a whole superimposed upon its mirror image, produced by the operation of these mirror planes. The lines of electron density calculated (figure 4) are accordingly sym metrical about the planes y = J, f , and the yp parameter of an atom at xpypzp may be deduced as either \ + y'p or \ -y'p.
At this point the direct X-ray analysis is a t an end, and it is worth commenting on the bearing of the evidence so far obtained on sterol structure. The line syntheses of electron density have certain characteristics which should be noted:
(i) Curves for carbon atoms 1, 2, 9, 10, 11, 12, 13, 16, 17, 18, 19, 20, 21, 22, 23, 25, and 26 show marked maxima mainly in the region y = £.
(ii) Curves for carbon atoms 4, 5, 6, 7, 8, 14, 15, and 27 show maxima mainly in the region y = £, y = f . (iii) Curves for carbon atoms 18 and 19 show maxima in the region y = 0*25, y = 0*42, y = 0*08.
(iv) The curves vary in form between two extremes. There are curves showing one more or less sharp maximum at y -\ (cf. 10) or where y ' is generally less than 0*1 (cf. 1, 4, 12) .
The first two characteristics serve to distinguish between the two molecules in the unit cell, since peaks separated by a distance £6 or 4*5 A are too far apart to represent directly bonded atoms. The peaks a t y = 0*08, 0*42 presence of methyl groups attached at C10-C 13 in the sterol skeleton. The fourth characteristic is an indication of the non-planar nature of the sterol skeleton. In general carbon atoms either lie not far from the plane £ or some little distance removed a t y = | ± y \where the two possible positions have still to guished. The parameters deduced are listed in table and are necessarily approxi7 mate. This is because maxima may a t this stage occur at some distance from the true position, owing to the incompleteness of the series and may also be confused through overlapping with the mirror image form. In order to distinguish in three dimensions between the possible atomic positions deduced, use was made of our knowledge of normal carbon-carbon bond distances and valency angles. To assist us a scale model was set up as shown in figure 9 (plate 3). The unit cell, projected on (010), was plotted on a sheet of cork m atting to a scale of 4 cm. = 1 A, and a t the atomic positions deduced from projection 36, 28 vertical steel needles were set up. On each of these needles were placed two pieces of cork above (+ ) and below ( -) a plane corresponding to £ and a t distances from this plane deduced from the corresponding line syntheses. The model then showed the approximate atomic positions of one molecule and of its mirror image. To separate I t is perhaps worth illustrating the procedure by a direct calculation. Using the very approximate atomic parameters available a t this stage the following bond distances and angles were deduced for the first atomic positions selected above: C10-C1± 1*34 C1+-C2+ 1*44 A ^C 10-C1+-C2+ 114*6°C 1+-C2_ 2*14 A Z-C10-C1+-C2_ 98*46
Position chosen C2+. Actually the choice here is clearer than in the majority of cases (tables 6, 7). Two modifications in the process described above were made. I t was assumed in the first trial that, in ring B, a short interatomic distance C-C = 1*34 A would be expected between C5 and C6, and bond angles modified to equal 120°, and also that, in ring D, the bond angles might be considerably strained. In fact, as the calculations given illustrate, neither of these assumptions has much meaning since all bond angles and distances deducible a t this stage are very approximate. The atoms C4, C6, C6, C7 all appear to lie so near the plane y -\ th a t no great error should be introduced by misplacing them. More difficulty was experienced in the neighbour hood of the ring junction C : D, though check calculations do favour the configura tion first chosen from the model (tables 6, 7).
The atomic positions selected as a result of this sorting process op. the model are shown in the photograph ( figure 9, plate 3) , by the shaded corks. Since these represent very approximate versions of the actual atomic parameters in the crystal a further model was constructed, having the stereochemical form actually deduced b u t theo retical bond distances and valency angles. This was used to amend slightly the first set of atomic parameters chosen within the limits of error provided by the Fourier series so far calculated. The parameters adopted are listed in table 5a.
(5) Refinement of the structure through calculations of three-dimensional
Fourier series using corrected phase angles At this stage the approximate position of every atom in the molecule was known and the phase angles were therefore calculated, using both the carbon atom and iodine atom contributions. W ith the observed Fhkl values and these phase angles new three-dimensional Fourier series were derived of two main ty p es: line syntheses parallel to [010] and sections normal to [010] .
The three-dimensional line syntheses, figure 4 (continuous lines), show electron density along lines parallel to [010] . They are, as expected, no longer symmetrical about V -h t an<i consequently permit far more accurate determination of the y parameters. As expected, too, the main peaks have in certain cases shifted quite markedly from the position first selected but in no case in a direction to change the molecular configuration chosen. Usually small peaks also occur a t the mirror, image positions indicating th a t too much weight has still been given to the iodine con tributions.
The sections show electron density in planes parallel to the plane (010), figure 7. Their heights above the plane were chosen to pass through as many atomic positions as possible in order to obtain better values for the x and z parameters. Section (a) at y -\passes through, to a greater or less degree, 17 out of the 27 carbon atoms of the sterol skeleton. I t shows particularly well the five-membered atoms of ring D. Section (6) a t y = 0*33 is complementary to this. I t does not in general pass so ne the atomic positions (cf. table 5). Parts only of section (c) a t = 0* 12 were calculated to cover the two remaining atoms, the methyl groups a t C18 and C19.
The electron density peaks representing atoms in these three-dimensional series are in many cases not sharp and, as the line series illustrate particularly well, often not equivalent in strength as they should be theoretically. The series also show considerable spurious detail which can be largely correlated with the atomic posi tions of the mirror image molecules. I t is clear th a t the atomic parameters and consequently phase angles used for their calculation were only approximately cor rect and are still too close to those given by the iodine atoms only. The same point is illustrated by the calculation of F values listed in table 3. There is an apparent general agreement which depends largely on the values of the iodine contributions, bu t a more detailed examination of the carbon atom contribution shows several discrepancies. From the three-dimensional series, however, a number of improve ments may be made in the atomic parameters, the revised values of which are listed in table 56. We should proceed next to recalculate phase angles and then electron density employing these parameters. B ut the calculations involved in the derivation particularly of the sections are so exceedingly lengthy th at we have felt it best to give the results as they stand now without attempting at present further refinement of the structure. There is an additional reason for this in th at from this point any improvement in the structure determination rests mainly on trial and error analysis.
D i s c u s s i o n (a) Crystal structures of cholesteryl iodide A and B
The crystallographic view of the structures of the two forms of cholesteryl iodide founded on the preliminary measurements has been remarkably closely confirmed by this more detailed investigation. In both the molecules appear as essentially long with the side chain extending from and continuing the line of the ring system. They are also roughly flat, the plane of the ring system being, as predicted, nearly parallel to the b plane. Once the actual atomic positions in a molecule of this complexity have been deduced, rough calculation of size and shape or inclination of the ring system to the crystal axes largely lose their meaning. For interest, however, the following figures may be given: The orientation of the crystallographic optic axes to the molecular axes is also of interest in this connexion. The direction of least refractive index, a, is parallel to b and, as expected, nearly normal to the plane of the ring system. In this particular orientation of the sterol molecule to the crystal axes the direction of largest refrac tive index, y, could not in the preliminary examination be correlated with certainty with the length of the molecule. In fact, owing to the overlapping mole cular arrangement in form A , y does here lie very close greatest molecular length. In form B there is no such marked concentration of atoms along any one line in the plane (010) and correspondingly the positive character of the crystals appears less pronounced (compare the optic axial angles measured -for form A , 2V -56°, for form B, 2E = 88°). The direction of greatest atomic density is no longer th a t of the molecular length; y accordingly diverges from this (figure 8). I t is noticeable th a t y is here also nearly parallel to the direction*of the double bond and, without calculation, it is impossible to say whether this or the electron density principally determines its orientation.
The relation between the molecular arrangements in the two forms is very close (figure 8). W ithin a single layer parallel to the 6 plane the relative arrangements of the molecules are nearly, though hot quite, identical. The two crystal structures differ principally in the relative arrangement of the layers. In B there is an open arrangement; the only overlapping of the atoms in the layers occurs where it might be expected, on the side of the molecule free from projecting methyl groups. The crystal structure of A is derived from B by sliding one layer over the next through a distance of roughly 4*7 A into more closely packed positions. A small readjustm ent of the atomic position within the layers follows-the plane of the ring system is probably a t a slightly greater inclination to the b plane in A than in B and a rotation of C20 about the bond C17-C20 appears to have taken place, bringing C21 almost vertically below C20 in the b plane projection. There are one or two carbon-carbon distances of about 3*5 A but the greater number, particularly in form B, are 4 A or more. On the other hand, in form B, the two iodine atoms are much closer to gether than they are in form A , in fact only 6-1A apart as against 11-9 A in A . I t seems reasonable to correlate this feature of the crystal structure with the deeper colour a,nd more ready decomposition of the crystals of B which distinguish them a t first sight from those of A . 
(b) The accuracy of the detailed structure determination
The principal inaccuracies in the detailed structure determination of cholesteryl iodide are certainly a consequence of the incompleteness of the calculations com bined probably with some inaccuracies in the intensity measurements. In addition there are certain other features of the data we have which make it difficult to fix atomic positions exactly.
The first of these is the occurrence of specific diffraction effects as a result of the presence of the iodine atom (cf. Robertson & Woodward 1940) . This probably accounts for the comparative weakness of the peak due to C8, particularly as this weakness appears also in the projection on (010) which is least likely to be affected by errors in the phase angles and intensities. As a result some doubt was felt about the exact placing of C3.
The second feature is the general weakness of X-ray reflexions from planes with small spacings, which seriously limits the series used and consequently the resolution of the electron density peak system. This effect indicates some disorder in the crystal structure, i.e. th at the atomic positions are not in fact precisely fixed in space. I t seems most reasonable to correlate this with the complexity of the molecular system present. Where, as here, complicated molecules are held in the crystal by com paratively weak intermolecular forces it is unlikely th at the atoms will be so precisely ordered throughout space as they are in simpler crystal structures. An interesting commentary on the situation is provided by the comparison of the crystal structures of cholesteryl iodide A and B, which show varying but closely related stable arrangements of the molecules.
As a result of these effects accurate measurements of interatomic distances and valency angles cannot be expected from out present data. B ut the X -ray analysis has very largely revealed the structure of the molecule in the sense used in most researches in organic chemistry. I t is possible to distinguish the different molecules in the crystal and to determine which atom is attached to which within the molecule and in addition to fix w ith a considerable degree of Confidence the relative orienta tions of the atoms in space. The evidence on molecular structure is the more reliable here in th a t the detailed information obtained from cholesteryl iodide B is con firmed by the data we have on cholesteryl iodide A .
(c)
The molecular structure of The molecular structure of cholesteryl iodide derived in the present analysis is defined by the set of parameters found for all the atoms in the crystal of cholesteryl iodide B and listed in table 56. The meaning of these figures in chemical terms is shown more clearly by the photograph of a model ( figure 10, plate 3) . built up on the crystallographically deduced atomic positions. In general form this molecular Since the accuracy is not great, it is unlikely th a t any of the deviations from normal bond distances are significant. The same is true for most of the valency angles found, bpt the most marked deviations do occur near the double bond and within and adjacent to the five-membered ring; these are probably largely real since in these regions some strain must be present.
The stereochemical configuration of rings A and B of cholesteryl iodide are largely as would be expected from chemical theory. I t is unfortunate th a t the position of C3 is so ill-defined in the electron density maps, but the data so far obtained definitely favour the position given.* The configuration of the carboniodine bond is here cis to methyl a t C10 (the so-called ' ' form of Ruzicka, Furter & Goldberg 1938) . This configuration is the same as th a t most favoured on chemical grounds for the hydroxyl group in cholesterol, and is therefore in general agreement with other evidence th a t no inversion occurs in the formation of the cholesteryl halides from cholesterol (Bergmann 1937 (Bergmann , 1938 . The most interesting feature of the A , B ring system is the distortion th a t results from the presence of the double bond a t C5-C6. The atoms C4, C6, C6, and C10 all lie very nearly in one plane. The effect is shown even in the first three-dimensional line series. These accordingly provide some independent evidence for placing the double bond among the atoms concerned; though it may be doubted whether the actual double-bond position coula have been deduced with any certainty directly from the X-ray data. Apart from the distortion caused by the double bond the rings have the Sachse trans configuration.
As would be expected ring C of the sterol skeleton most nearly approaches the regular Sachse trans form. The configuration of the carbon atoms about the bonds C8-C9, <VC14 and C13-C14 are all trans. The first involves the junction between rings B and C, and here the present evidence is good (cf. Ruzicka & Thomann 1933) . The last concerns the junction between rings C and D (Wieland & Dane 1933; Dimroth & Jonsson 1941) . Here there must in any case be some strain in the system, and it was the less easy a t stage 4 of the analysis to be certain th at the correct atomic position had been chosen. All th at can be stated is th a t the present data favour the trans configuration. This involves a small but definite distortion of the five-membered ring. The four atoms C13, C14, C15, C16 lie nearly in one plane with C17 a short distance from this plane. All the calculated valency angles in the ring are smaller than 108°. So far the detailed X-ray analysis has largely confirmed points on which there is also chemical evidence. On the stereochemical relations involved in the attachment of the side chain a t C17 the chemical evidence is either conflicting or non-existent (Ruzicka, Goldberg & Wirz 1935; Wieland & Dane 19336) . Here the crystallo graphic evidence is the more reliable in that it rests principally on the projection * Change to the alternative chemical configuration requires change in the parameters o f both C3 and C4. In the first three-dimensional series C3 was very near = and it has moved nearer the position expected from its apparent relation to Ca and C4 in the second series. This is some confirmation that the correct relation of the three has been selected. on (010). I t is strongly in favour* of the attachm ent of the side chain cis to methyl a t C13 as suggested in the earlier work of Caglioti & Giacomello (1939) . The arrange ment of the carbon atoms about the bond C13-C17 is then again trains in form and the same is true of the bond C17-C20-I t is an interesting point th a t in this region, and indeed throughout chain and ring systems of the molecule, the arrangement of the carbon atoms largely conforms with the staggered trams configuration, the stability of which has been demonstrated in other complex organic structures particularly by C. W. Bunn (1942) . This may indeed be the characteristic of the structure which favours the otherwise apparently less stable configurations of the junction between rings C and D.
Our thanks are due to the Rockefeller Foundation for a grant towards X-ray apparatus and to the Department of Scientific and Industrial Research and the Trustees of the Carnegie Research Fund for research grants to one of us (C.H.C.). Much of the apparatus used was evacuated to Oxford from Birkbeck College, London. * Koechlin & Reichstein (1942) have quoted the fact that bisnordesoxy cholic acid does not lactonize, as possible evidence against this configuration providing the following assumptions are made: (a) OH at Cia is cis to Me at C13 and (6) lactonization will only be inhibited if tlj© side chain is attached at the opposite side of the ring system to OH at C12. Models show that -OH at C12 cis to Me at C18 is within easy reach of a -COOH at C20 with either configuration at C17-C20. Inhibition of lactonization appears more likely with the cis configuration as a result of the relative positions of Me at C1S and at C24; it is also possible that the configuration of the OH group should be reversed since this rests on the evidence of Caglioti & Giacomello, and it is very difficult to be certain of the position of a single atom in a trial and error Fourier analysis of the complexity of that carried out by these authors.
